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LAWS OF TURBULENT FLOW IN 
OPEN CHANNELS 


The first attempts of hydraulic en- 
gineers to formulate the laws of flow in 
open channels, such as canals and riy- 
ers, date back to the latter part of 
the eighteenth century. At this time 
Chezy proposed his famous formula for 
determining the velocity of flowing 
water in terms of the dimensions of 
the channel and the slope of the water 
surface. This formula contained a 
quantity, the so-called Chezy coefficient, 
the value of which was to be deter- 
mined by experiments. Chezy believed 
his coefficient was a constant having 
a value independent of the size of 
channels or of the nature of their sur- 
faces. It took nearly half a century 
to discover that this belief was wrong. 

In 1857 Darcy and Bazin commenced 
a comprehensive series of well-planned 
tests in order to place the laws of flow 
in open channels on a firm foundation. 
AS a result of the tests, Bazin was able 
to show that the Chezy coefficient was 
a quantity, the magnitude of which 


depended not only on the size of a 
channel but also on the nature of the 
channel bottom and _ side surfaces. 
Practically all of the formulas used by 
hydraulic engineers today, both here 
and abroad, can be traced back to 
Bazin’s work. 

These formulas, which are in com- 
mon use, are defective in form from 
the strict scientific viewpoint. AS a 
result, there is alwayS some uncer- 
tainty in their application. For ex- 
ample, when model experiments in- 
volving flow in open channels are 
conducted, the transfer of the results. 
from the model test to the actual struc- 
ture is either very difficult or is of 
doubtful value. 

A paper by G. H. Keulegan in the 
Journal of Research for December 
(RP1151), on the general problem of 
flow in channels, is based on the mod- 
ern theory of turbulence and, in par- 
ticular, on the formulation of this 
theory which has proved its utility in 
the study of flow in circular pipes. 
The formulas for velocity in open 
channels, and to a certain extent those 
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for velocity distribution, are derived 
in forms almost identical with those 
for circular pipes. Using Bazin’s 
test data, the applicability and utility 
of these formulas are established. 

It is also shown how the Manning 
formula, one of the earlier type now in 
common use, is an approximation to the 
rational form which is valid through- 
out a certain restricted range of con- 
ditions. 


STRENGTH OF A RIVETED STEEL 
RIGID FRAME 


In recent years rigid frames have 
found increasing use in _ building 
bridges, auditoriums, hangars, ware- 
houses, ete. In this type of construc- 
tion the ends of component members 
are connected in sueh a way as to pre- 
vent relative rotation. Often a con- 
Siderable Saving in material results 
from the use of the rigid frame, and 
advantages of beauty and convenience 
may also be important. 

Heretofore there has been no Satis- 
factory method of computing the 
stresses in the knees, that is, at the 
junctions of component members, and 
for this reason many designers have 
been reluctant to use rigid frames. 

The Bureau, with the cooperation of 
the. American Institute of Steel Con- 
struction, has carried out an investi- 
gation on the strength of rigid frames, 
and a paper (RP1161) by A. H. Stang, 
Martin Greenspan, and W. R. Osgood, 
in the December Journal of Research, 
gives the results of the tests on a 
rigid-frame specimen with curved inner 
flange, donated by the American Bridge 
Co. 

The distribution of stress in the spec- 
imen was determined from strain meas- 
urements. As the magnitude of the 
stresses in the outer corner was in ques- 
tion, duplicate tests were made with 
and without outer-corner reinforcement. 
It was found that the stresses in the 
outer corner were generally small and 
that the presence or absence of the 
reinforcement had little effect on the 
distribution of stress in the specimen. 
It was also found that stiffening the 
web did not alter the distribution of 
stress appreciably. A theory for the 
distribution of stress in the knee was 
developed, and the values calculated 
from this theory were in satisfactory 
agreement with the measured stresses. 

The maximum load that could be 
sustained by the rigid-frame specimen 
was also determined. 
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SURFACE TREATMENT FOR PRO- 
TECTING STEEL AGAINST COR- 
ROSION 


Some of the factors affecting the pro- 
tective value of paints for steel and 
galvanized surfaces are being studied 
at the Bureau, using accelerated labora- 
tory corrosion tests supplemented by 
outdoor exposure. When steel is used 
in the form of light-gage sheet, protec- 
tion is a matter requiring Serious con- 
sideration, particularly in inaccessible 
locations, such as the interior of walls. 
An important part of the present inves- 
tigation is a laboratory study of the con- 
ditions affecting the durability of paint 
films on steel and galvanized surfaces 
under conditions somewhat similar to 
those which might be encountered in 
service. Special attention is being given 
to the severity of corrosion resulting 
from condensed moisture. Painted 
steel and galvanized metal panels are 
being tested in the accelerated weather- 
ing apparatus, salt spray, and in a 
condensation corrosion chamber. Simi- 
lar panels are also exposed outdoors on 
the roof of the Chemistry Building. 
Numerous pretreatment solutions for 
both galvanized metal and plain steel, 
with about 60 priming paints, are in- 
cluded in the investigation. 

An account of this work is given in a 
new Report on Building Materials and 
Structures, BMS8, now available from 
the Superintendent of Documents, Goy- 
ernment Printing Office, Washington, 
D. C., at 10 cents a copy. 


CORRELATION OF ELECTROLYTIC 
CORROSION TEST WITH AC- 
TUAL CORROSIVENESS OF SOILS 


Recent studies of the corrosion of pipe 
lines have shown that there is a certain 
regularity in the occurrence of leaks and 
that the total number of leaks which has 
occurred over a long period of time is 
related to the soil conditions to which 
the pipe line has been exposed. The cor- 
rosion which has occurred on a pipe- 
line system, measured in terms of the 
relative length of line that has been re- 
paired, has also been used to express the 
corrosiveness of a large number of soil 
types and to correlate the results of 
laboratory corrosion tests with the cor- 
rosion experienced in practice. An ac- 
curate record of leaks and replace- 
ments, extending over 45 years, on an 
extensive pipe-line system provided a 
further opportunity for the investiga- 
tion of corrosion under actual operating 
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eonditions and for correlating these data 
with the resuits of an electrolytic test 
for soil corrosiveness. 

This test consists in the measurement 
of the polarization voltage at various 
current densities of a specially designed 
eorrosion cell, in which the electrodes 
are steel and the electrolyte is the soil 
under test. The cell is constructed in 
such a way that the process of corrosion 
is similar to that in nature. The aver- 
age current density corresponding to a 
definite range of potential is taken as 
the measure of the corrosiveness of the 
soil. 

As described in RP1157 by I. A. Deni- 
son and R. B. Darnielle in the Journal 
of Research for December, samples of 
soil representing 27 soil types were col- 
lected along the right-of-way of a 128- 
mile section of a pipe-line system, and 
their corrosiveness was tested by means 
of the electrolytic corrosion test. When 
the values were averaged for each soil 
type and plotted against the number of 
leaks which had developed on the pipe 
line in each of the soil types over an 
average 33-year period, a rough linear 
correlation was obtained. According to 
the criterion used, the relative corrosive- 
ness of the soils along approximately 
80 percent of the total length of the pipe 
line was correctly classified. 

The influence of certain soil proper- 
ties on corrosion was indicated by the 
leak and repair records and by the re- 
sults of the corrosion test. In a group 
of associated soils, corrosiveness in- 
creased as the drainage became more 
deficient and as the soil became heavier 
in texture. The variation in corrosive- 
ness with depth is shown for a number 
of soil profiles and has been correlated 
with the aeration and texture of the soil 
material. 


HYDROCARBONS IN THE LUBRI- 
CANT FRACTION OF PETRO- 
LEUM 


Since 1927 the American Petroleum 
Institute and the Bureau have spon- 
sored a cooperative research on the 
chemical constitution of petroleum, and 
by the fail of 1933 considerable prog- 
ress had been made on the resolution 
of the gasoline fraction. The advisory 
committee then decided to investigate 
the lubricant fraction, using the same 
lot of midcontinent petroleum. 

Five years ago little was known 
about the general constitution of the 
dewaxed lubricant fraction and prac- 
tically nothing of the actual kinds of 
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molecules in it. It was generally as- 
sumed, on the basis of a long extra- 
polation of the data obtained on the 
gasoline fraction, that the lubricant 
fraction contained, in addition to the 
normal paraffins which had been shown 
to be the constituents of the higher 
melting waxes, the following types of 
hydrocarbons: Branched-chain paraf- 
fins; molecules composed of naphthene 
(cycloparaffin) rings with paraffin side 
chains; molecules composed of aro- 
matie rings with paraffin side chains; 
and molecules composed of both naph- 
thene and aromatic rings with paraffin 
side chains. Whether or not these as- 
sumptions were correct was one of the 
questions to be answered. Another 
was: How do these various kinds of 
molecules react to the different pro- 
eesses of fractionation, and in which 
final fractions will they be found? 

This broad survey of the chemical 
constitution of the lubricant fraction, 
which was conducted by Beveridge J. 
Mair, assisted at various periods by 
S. T. Schicktanz, F. W. Rose, Jr., 
C. B. Willingham, and A. J. Streiff, has 
now been completed. Six research 
papers and two general reports to the 
Institute have resulted, setting forth 
the procedures employed, the deter- 
mination of the properties of the frac- 
tions obtained, and the correlation of 
these properties with those of pure 
hydrocarbons of known molecular struc- 
ture in order to identify the final 
“homogeneous” fractions. 

A review and summary of the work, 
with some conclusions, was presented 
by Frederick D. Rossini, director of the 
project, before the Division of Refining 
of the American Petroleum Institute at 
the annual meeting in Chicago, Novem- 
ber 14 to 18. The approximate average 
analysis of the lubricant fraction of 
petroleum with respect to kinds of 
molecules (taking the lubricant frac- 
tion as 100 percent) is as follows: 

1. About 48 to 51 percent is composed 
of molecules with 1, 2, or 3 naphthene 
rings, together with the appropriate 
paraffin side chains. 

2. About 8.3 percent is composed of 
molecules with 1, 2, or 3 naphthene 
rings and 1 aromatic ring, together with 
the appropriate paraffin side chains. 

8. About 8.1 percent is composed of 
molecules with 2 naphthene rings and 
2 aromatic rings (condensed), together 
with the appropriate paraffin side 
chains. 

4. About 6.6 percent is composed of 
molecules with 1 naphthene ring and 3 
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aromatic rings (condensed), together 
with the appropriate paraffin side 
chains. 

5. About 18 to 26 percent is composed 
of normal (straight chain) parafiins, 
plus possibly some _isoparaffins 
(branched chain). 

6. About 8 percent is composed of the 
“asphaltic” constituents, which have 
not been investigated. 


PROPERTIES. OF PURIFIED NOR- 
MAL HEPTANE AND ISOOC- 
TANE 


In the past 10 years, normal heptane 
and 2,2,4-trimethylpentane have been 
accepted internationally as the primary 
standard reference fuels for the knock 
rating of automobile and aircraft fuels. 
The Bureau was asked by the Coopera- 
tive Fuel Research Committee to inves- 
tigate these materials and to prepare 
specifications so rigid that acceptable 
supplies would not differ from perfectly 
pure material by more than one-tenth 
of an octane unit. 

An investigation of the impurities 
present in isooctane was reported last 
year in J. Research NBS 19, 319 (Sep- 
tember 1937) RP1027. More recent 
work described in a paper by Donald 
B. Brooks in the Journal of Research 
for December (RP1160) was concerned 
with the production of n-heptane and 
isooctane of high purity and the meas- 
urement of their properties. 

The purest available supplies of each 
of these materials were fractionated 
through columns having an efficiency 
equivalent to that of 60 theoretical 
plates. The density, refractive index, 
boiling point, and freezing point of the 
purer fractions of each distillate were 
measured. In each case the freezing 
points of the purer fractions were 
higher than currently accepted values. 


PROGRESS REPORT ON SILVER 
RESEARCH PROJECT 


That the great immediate opportu- 
nity to develop a tonnage use for silver 
lies in the field of corrosion-resistant 
containers is one of the important con- 
clusions in the Seventh Progress Re- 
port of the Research Project on New 
Industrial Uses for Silver. This report, 
released November 1, 1938, like earlier 
ones (Technical News Bulletins 244, 
249, 252, and 254 (August 1937, and Jan- 
uary, April, and June, 1938)), has been 
prepared in mimeograph form for dis- 
tribution to the sponsors and interested 
parties. As previously mentioned in 
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this Bulletin, the project is sponsored 
by a group of leading American silver- 
producing companies and has its head- 
quarters at the National Bureau of 
Standards. 

According to the report, a survey has 
shown that a real need exists for cans, 
barrels, and other shipping containers 
more resistant to corrosive attack than 
some present types in use in the chem- 
ical industry, in the canning of certain 
food products and beverages, in the 
pharmaceutical, and in the essential oil 
industries. While canned goods as 
packaged and marketed today reach the 
ultimate consumer in wholesome con- 
dition, improvement in flavor or color, 
for example, is still possible for some 
commodities. In the chemical and al- 
lied industries, the containers used in 
shipping, as well as in the manufacture 
and storage of chemical products, pre- 
sent troublesome problems. Silver has 
a remarkable resistance to corrosion by 
(and, in a corollary manner, to con- 
tamination of) foodstuffs and bever- 
ages; its chemical inertness to caustic 
alkalies, to organic acids, and to certain 
mineral acids and salts is now widely 
appreciated. According to the survey 
made by the project, the development 
of silver-lined containers adaptable to 
the uses indicated would open up a 
large potential market for such con- 
tainers. Statistics available show that 
if these containers can be manufactured 
at a reasonable cost, the silver require- 
ment for only those applications now 
known to the project staff would total 
some millions of ounces. 

If the cost of the containers, etc., is 
to be within commercially acceptable 
limits, it is evident that the silver must 
be applied as a relatively thin coating 
or lining. Two methods of producing 
such “coatings” of silver are known to 
offer a means of obtaining the corro- 
sion resistance of silver at a price 
probably within commercial limits for 
specific applications now being investi- 
gated. These methods are (a) electro- 
plating and (b) fabrication from silver- 
clad base metal. 

Cooperative work between a commer- 
cial can manufacturer, a supplier of 
silver-clad copper and steel, aud the 
project staff has led to the production 
of an experimental 12-ounce container 
for chemicals fabricated from copper 
or steel sheet 0.012 inch thick which 
was clad with 0.001 inch thickness of 
silver. The first of these cans was 
made some months ago, and Since that 
time attention has been devoted to the 
possible production of silver-lined cans 
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at a lower cost, especially larger sizes 
and other types of can, and to the de- 
velopment of silver-lined barrels. 

Naturally the container field is a 
very broad one, and the research pro- 
gram is concerned with a variety of 
problems. Silver coatings being inves- 
tigated may be roughly classified as 
follows: 


Approximate 
silver thick- 
ness 


Possible applications 


Inches 

Food and beverage cans. 

Shipping containers, barrels, etc. 

Chemical apparatus, silver bear- 
ings for aviation engines, etc. 


All possible methods of applying silver 
coatings are being investigated. A sil- 
ver-plating plant has been installed at 
the Bureau under the supervision of 
William Blum, chief of the electrochem- 
istry section, to permit pilot-plant op- 
erating conditions and the electroplating 
of material for cooperative tests with in- 
dustrial concerns interested in develop- 
ing silver-lined containers. C. S. Lowe 
and A. ©. Simon have been recently 
added to the Silver Research Project 
staff at the Bureau and are devoting 
their full time to this work. Attention 
is also being devoted to methods of 
fabricating and joining silver-lined con- 
tainers, and to studying the corrosion 
resistance of silver, silver-coated base 
metal, and silver-soldered joints when 
exposed to certain products which in- 
dustry contemplates shipping in these 
containers. 

In the case of silver alloys, the metal- 
lurgical program has advanced to the 
point where tensile test data have been 
obtained showing the effect of small 
additions of silver on the properties of 
a number of commercial alloy types. 
Were silver as low priced as the more 
common alloying elements, in many in- 
stances the improvement in properties 
resulting from addition of a small per- 
centage of silver would be of great prac- 
tical interest. At the present price of 
Silver, each percent of silver added in- 
creases ihe cost of the alloy 6% cents 
per pound. The improved properties 
commented on below must be balanced 
against the cost of the silver needed 
for the improvement, and there is, there- 
fore, the question of practical value to 
be kept in mind. Attention is called 
here to the more interesting results ob- 
tained without attempting at this time 
to evaluate the commercial importance 
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of the data. The data on which the 
observations are based appear in that 
part of the Seventh Progress Report 
prepared by the research associates at 
the National Bureau of Standards. 

The following alloys showed that 
adding 5 percent, or somewhat less, 
Silver notably increased the yield 
strength of the wrought alloy without 
commensurate loss in ductility: 80-20 
cupronickel, alpha brasses, 5 and 10 per- 
cent tin bronzes, 5 percent aluminum 
bronze, and Everdur (38 percent Si, 1 
percent Mn) bronze. 

The 10 percent tin bronze, the man- 
ganese-silicon bronze, and the 5 percent 
aluminum bronze were markedly im- 
proved by adding 8 to 5 percent of 
Silver to the alloy. In these instances 
the silver addition induces a response 
to precipitation hardening heat treat- 
ment, although some improvement was 
observed even without special heat 
treatment. 

Approximately 5 percent of silver 
added to the wrought eutectic aluminum 
silicon alloy conferred substantial added 
hardness at temperatures above the 
softening temperature of the silver-free 
alloy. It is expected from the data ob- 
tained to date that silver will be found 
to improve the high-temperature prop- 
erties of aluminum-rich alloys in gen- 
eral, as well as in the case of the AI-Si 
alloy mentioned. 

Lead-silver soft solders (5 percent 
Silver) have been found to make satis- 
factory sweated joints in copper tubing 
assemblies, and such joints have good 
properties when tested at elevated tem- 
perature for long periods of sustained 
loading. 

The research on fungicidal properties 
of silver compounds at Cornell Uni- 
versity has demonstrated the  possi- 
bility of using a silver spray as a pro- 
tectant fungicide. Success in this 
cevelopment promises an outlet of some 
magnitude for silver, and encouraging 
resuits are being obtained, since the 
silver spray solution appears as effec- 
tive aS bordeaux mixture while pos- 
sessing some advantages, and is of 
comparable cost. 

The research at Battelle Memorial 
Institute on bearings has brought out 
advantages which a silver-lead alloy 
(4 to 6 percent lead) seems to offer 
when compared with pure silver. 
Hiffort is now being made to prepare 
steel-backed bearings of this alloy by 
electrodeposition methods, 

Research is continuing at Rensselaer 
Polytechnic Institute on sliding silver 
contacts. A performance comparison 
has recently been made between latest 
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model starter motors equipped with 
copper-graphite and _ silver-graphite 
brushes. 

A study of temperature-pressure and 
time relationships in the cold-welding 
of silver has been completed at Lehigh 
University. Cold-welding was observed 
at temperatures as low as 200° C. 


KASSON S. GIBSON RECEIVES 
AWARD FROM SOCIETY OF MO- 
TION PICTURE ENGINEERS 


The Journal Awards Committee of 
the Society of Motion Picture Engi- 
neers has chosen a paper entitled “The 
Analysis and Specification of Color” 
as “the most outstanding paper origi- 
nally published in the Journal of the 
Society of Motion Picture Hngineers 
during the year 19387.” This paper was 
contributed by Kasson S. Gibson, chief 
of the Bureau’s section on colorimetry 
and spectrophotometry, and was pub- 
lished in the April 1937 issue of the 
above Journal. 


CONCRETE AS PROTECTION 
AGAINST X-RAYS 


Although the danger of prolonged ex- 
posure to X-rays was recognized soon 
after their discovery by Roentgen, many 
of the early workers in this field suf- 
fered injury before it was learned that 
a worker could protect himself by inter- 
posing proper screens between himself 
and the X-ray tube. The denser the 
screening material the greater was the 
degree of protection observed for 
Screens of equal thickness. For this 
reason lead came into common use as 
a protective material, both in metallic 
form and in combination with other 
substances, as in lead-glass and lead- 
rubber. The penetrating power of the 
X-radiation in common use has _ in- 
creased very much in recent years; with 
this trend lead screens of increasingly 
greater thickness were required until 
today the cost of lead for protection 
against the more penetrating radiation 
may be a considerable part of the total 
cost of the X-ray installation. The cost 
of the lead itself is only a part of the 
expense of lead protection, since elabo- 
rate supporting substructures are re- 
quired. Moreover, few existing hos- 
pitals or laboratory buildings can take 
the additional load. 

Since new buildings must in most 
cases be built, or old structures remod- 
eled and reinforced, and since such con- 
struction is usually in concrete, the pos- 
sibility of using concrete both as a struc- 
tural material and as a protective bar- 
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rier suggests itself. In a recent study 
by George Singer, L. 8S. Taylor, and A, 
L. Charlton, reported in the December 
Journal of Research (RP1155), the pro- 
tective properties of a selected group of 
prepared concrete samples and commer- 
cial building blocks were determined. 
It was found that the protective quali- 
ties did not depend upon the nature of 
the concrete mix but only on the mass 
of the barriers. Furthermore, the pro- 
tective value of concrete was greater 
for X-rays of greater penetrating power, 
so that the concrete thickness required 
for protection at 400 kv was only 
slightly greater than that required at 
200 kv. Curves for calculating the 
thickness of concrete needed for com- 
plete protection were obtained. 

In any case, however, the weight of 
the concrete required was found to be 
greater than that of lead for the same 
degree of protection, but this is no se- 
rious disadvantage since concrete is 
cheap and requires no external supports. 
For the more penetrating radiation con- 
crete is a protective material of con- 
siderable merit. 


CRYSTALLINE SILICA IN CER- 
TAIN DEVITRIFIED GLASSES 


In RP1152 in the Journal of Research 
for December, A. Q. Tool and H. Insley 
describe experiments in which samples 
of a borosilicate glass containing a rel- 
atively high percentage of silica were 
devitrified and further treated at va- 
rious temperatures between 625° and 
950° C. The cristobalite, tridymite, and 
quartz formed in this way were investi- 
gated by observing their inversion ef- 
tects in heating and cooling curves and 
by microscopic examinations and X-ray 
tests. The results indicate the possibil- 
ity that tridymite at atmospheric tem- 
peratures ordinarily consists of at least 
two forms, each having one rapid in- 
version, but that the two generally rec- 
ognized inversions of this material do 
not occur in a single crystal unless it 
is an aggregate of the two forms. Pre- 
sumably such a heterogeneous crystal 
appears during the sluggish transforma- 
tion from one form to another. In de- 
vitrified materials of the kind investi- 
gated, numerous crystals of both forms 
and crystalline aggregates representing 
all degrees of heterogeneity are likely 
to be present unless the transformation 
is definitely completed. 

Such heterogeneities may be the cause 
of the well known shifts in the inversion 
points of both cristobalite and tridymite 
and consequently of the great variation 
in the published results for these points. 
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When a great variety of degrees of het- 
erogeneity exists in the same test sam- 
ple the inversion effects will then cover 
a correspondingly broad temperature 
range and may become very indefinite 
and possibly almost undetectable. In- 
version effects of this nature are well 
known in the case of tridymite. 

Tn this investigation it was noted that 
tridymite plates always appeared first 
and were more numerous than the 
wedge-shaped twins as long as the in- 
version effects near 150° C were (1) the 
only tridymite effects appearing, or (2) 
were much more prominent than the ef- 
fects at the lower inversion tempera- 
tures near 100° C. As the plates disap- 
peared, wedge-shaped twins took their 
place and the inversion effects near 100° 
C assumed ascendency and ultimately 
became the only tridymite effects pres- 
ent if the transformation treatments 
were continued. 


INVERSION OF SILICA CRYSTALS 
IN CERTAIN DEVITRIFIED 
GLASSES 


The expansion effects found in a de- 
vitrified borosilicate glass and caused 
by the rapid inversions of cristobalite, 
tridymite, and quartz were recently in- 
vestigated by A. Q. Tool and J. B. Saun- 
ders. A report on this study will be 
published as RP1153 in the December 
Journal of Research. The devitrifica- 
tion was accomplished by heat treat- 
ments at 800° C, and the progressive 
transformation of the crystalline prod- 
ucts from cristobalite through tridymite 
to quartz was developed by increasing 
the duration of the heat treatments. 
Since the glass contained a relatively 
high percentage of available silica, the 
yield of these products was compara- 
tively large. As a result, the expansion 
effects were positive and gave a clear 
picture of the course of the sluggish 
transformations as the duration of the 
heat treatments was increased. In the 
case of tridymite the results suggest 
that its two recognized rapid inversions 
are not, as generally supposed, two se- 
quential changes in form occurring 
within the same homogeneous crystal. 
Instead it seems that the inversion 
Which usually occurs in the range 140° 
to 165° C and appears first with the 
development of tridymite is a form- 
change in a different type of crystal 
from that which develops later and un- 
dergoes an inversion or form-change in 
the range 80° to 120° C. Ordinarily, 
however both of these possible types of 
crystals appear in the same sample af- 
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ter treatments producing only partial 
transformation and there is also the 
possibility that there are some inhomo- 
geneous crystals which are a mixture 
of both types. 


RESISTIVITY AND POWER INPUT 
IN THE CESIUM DISCHARGE 


In his studies of the cesium dis- 
charge, measurements have been made 
by Fred L. Mohler, chief of the Bu- 
reau’s section on atomic physics, ra- 
dium, and X-rays, of the potential 
gradient and the ion current to the 
tube wall in a tube 5 mm in diameter, 
for current densities ranging from 5 to 
20 amperes and vapor pressures from 
0.0045 to 0.83 mm. Potential gradients 
have also been measured in a 1-mm 
tube for current densities from 30 to 
150 amperes per cm’? and pressures 
from 0.83 to 2 mm. Published results 
give electron concentrations and tem- 
peratures for this range of conditions. 
The resistivity agrees approximately 
with the theoretical value for a com- 
pletely ionized gas. The power dissi- 
pation comes predominantly from wall 
recombination at low pressures. Above 
0.17 mm the radiation is appreciable 
and above about 1 em the radiation 
would account for most of the power 
input. The report on this work 
(RP1162 in the Journal of Research 
for December) gives theoretical equa- 
tions for the case that pressure and 
degree of ionization are so high that 
the vapor iS opaque. 


PORTABLE GEIGER COUNTER 
UNIT 


A portable instrument for measuring 
the strength of radium preparations, 
surveying radium dial painting plants, 
examining radioactive ores, and for de- 
tecting lost radium has been devel- 
oped by L. F. Curtiss of the Bureau’s 
atomic physics, radium, and X-rays 
section. The complete instrument 
weighs only 18 pounds and is entirely 
self-contained, so that it can be used 
anywhere, 

The instrument employs an _ inte- 
grating counter circuit, operated by dry 
cells carried in the case. Recent tests 
of the circuit show that it is sensitive 
to one millionth of a gram of radium 
at a distance of one meter, and as it is 
capable of more or less accurate cali- 
bration, quantitative results are pos- 
sible. 

As an aid in locating lost radium, the 
instrument should be particularly val- 
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uable since it can detect one milligram 
(a very small medical preparation) at 
about 30 meters. 

For a complete description of the ap- 
paratus, RP1154 in the December num- 
ber of the Journal of Research should 
be consulted. 


ACCURACY OF RADIO FIELD-IN- 
TENSITY MEASUREMENTS AT 
BROADCAST FREQUENCIES 


A report on the attainable accuracy 
of radio field-intensity measurements 
at radio frequencies below and within 
the broadcast band is given in a joint 
paper (RP1156 in the December Jour- 
nal of Research) by Harry Diamond 
and EH. G. Lapham, of the Bureau, and 
K. A. Norton of the Federal Commu- 
nications Commission. Accurate meas- 
urement of the intensity of the field 
set up by broadcast stations is essen- 
tial for evaluating their service areas. 
The report presents an analysis of the 
types of errors encountered in typical 
commercial field-intensity measuring 
sets and gives quantitative data on the 
magnitudes of the errors. Based on 
these data, an estimate is made of the 
over-all absolute accuracy of commer- 
cial equipment. Before applying cor- 
rection factors for the several errors, 
the accuracy of measurement may be 
no better than about 20 percent. After 
application of suitable correction fac- 
tors, an accuracy of 5 percent may be 
attained. 

Factors likely to lead to errors in field 
intensity measurements in typical equip- 
ment include: (a) incorrect calibrating 
voltage; (b) nonlinearity of the detector 
and of the output indicator system; (c) 
incorrect voltage-attenuator design ; (d) 
incorrect balance of the loop antenna; 
(e) stray voltages induced in the loop 
antenna by the calibrating oscillator or 
from other portions of the set; (f) re- 
generation in various portions of the 
set: (g) distortion of the field by the 
set container or by mounting of the loop 
antenna on an automobile; and (h) the 
difference in effect of distributed ca- 
pacitance of the loop antenna upon its 
voltage step-up for the distributed field 
voitage and for a lumped calibrating 
voltage. 

The distributed capacitance effect ap- 
pears to have been given scant consid- 
eration in the design of commercial ap- 
_paratus. The error produced is a func- 
tion of the ratio of the operating fre- 
quency to the natural frequency of the 
loop antenna. In some commercial sets 
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in which the loop antenna operates near 
its natural frequency to reach the up- 
per broadcast frequencies, this error 
reaches a magnitude of 15 percent. The 
report includes a theoretical analysis of 
this error and presents derived correc- 
tion factors to be applied in order to 
obtain more accurate measurements. 
The correction factor is shown to be a 
function of the current distribution in 
the loop antenna, which is, in turn, a 
function of the distributed capacitance. 
Four assumptions of current distribu- 
tion are considered, and corresponding 
correction factors are derived. The 
factor derived on the basis of elliptical 
current distribution is shown to have 
better basis in theory and agrees closely 
with experimental measurements. 

Finally, several means are described 
for eliminating or limiting the distrib- 
uted capacitance error by special design 
of the set. These include the use of the 
condenser-variation method for measur- 
ing the voltage step-up of the loop an- 
tenna, the use of an untuned loop an- 
tenna wherein no voltage step-up is in- 
volved, the use of a shielded loop an- 
tenna having an unbalanced current dis- 
tribution, the deliberate unbalance of 
the two halves of the loop antenna to 
ground, or the use of two or more loop 
antennas for covering the broadcast 
band so that no antenna operates near 
its natural frequency. 

Included in the report is a discussion 
of the precautions necessary in obtaining 
accurate field-intensity measurements 
when the measuring set is installed in 
an automobile, a practice adopted by 
many engineers. 


IONOSPHERE CHARACTERISTICS 
FOR HALF A SUNSPOT CYCLE 


The sun is the principal source of the 
energy which produces the ionization 
of the earth’s upper atmosphere. 
Changes in solar activity, as manifested 
by changes in sunspot numbers, in gen- 
eral, produce corresponding changes in 
the ionization of the various layers of 
the ionosphere and consequent changes 
in the characteristics of radio sky-wave 
transmission. A paper (RP1159) by 
Newbern Smith, T. R. Gilliland, and 
S. S. Kirby in the Journal of Research 
for December shows that the increase of 
sunspot numbers, from the minimum of 
1933 to 1988 has been accompanied by 
a general increase in the values of the 
critical frequencies of the ionosphere 
layers. In the case of the E layer, there 
has been good general correlation be- 
tween critical frequency and sunspot 
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numbers, the former increasing to 114 
times the value it had at the sunspot 
minimum. In the case of the F:, layer, 
the correlation has not been so good in 
detail and the increase in its critical 
frequency has been much larger. The 
critical frequency reached a value twice 
as great as at the sunspot minimum. 

The long-period increases in sun- 
spot numbers and critical frequencies 
are studied in some detail in the graphs 
of this paper and the regular diurnal 
and seasonal variations in critical fre- 
quencies are also Summarized. The 
short- and long-period variations in 
ionosphere characteristics appear to 
pe so well marked as to suggest the 
possibility of forecasting the average 
condition of the ionosphere and radio- 
transmission conditions, months and 
even years in advance. 


METHODS OF TESTING HOSIERY 


Bureau’s methods of analysis and 
tests for hosiery; which are likewise 
recognized as the best practice by other 
laboratories, are described jand dis- 
cussed in Circular C422 which has just 
been released. This circular was pre- 
pared by E. Max Schenke and Howard 
EK. Shearer, research associate and as- 
sistant research associate, respectively, 
of the National Association of Hosiery 
Manufacturers, Ine. These’ methods 
have been reviewed and approved by 
the Committee on Standards of this as- 
sociation and by the Knit Fabrics Com- 
mittee of the American Association of 
Textile Technologists. The new publi- 
cation makes the methods available to 
manufacturers, commercial testing lab- 
oratories, home economics teachers, dis- 
tributors of hosiery, and all others in- 
terested. 

The object of a laboratory analysis or 
test of hosiery may be to provide data 
for calculating the cost of production, 
or to make exact reproduction possible. 
It may be necessary to determine the 
difference between two stockings, or to 
ascertain and describe defects and var- 
iations in yarns, or constructions, or to 
compare service quality. 

Circular C422 contains discussions of 
the visual examination of hosiery for 
type and workmanship; methods for 
measuring the size and dimensions of 
the various parts; directions for an- 
alyzing the construction of fabric and 
yarn; and outlines of tests for physical 
properties, color fastness, and shrink- 
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age; in other words, a complete picture 
of hosiery analysis, is presented. 

Copies of the cireular are obtainable 
from the Superintendent of Documents, 
Government Printing Office, Washing- 
ton, D. C., at 15 cents each. 


NEW AND REVISED PUBLICA- 
TIONS ISSUED DURING NOVEM- 
BER 1938 


Journal of Research?” 


Journal of Research of the National Bu- 
reau of Standards, volume 21, num- 
ber 5, November 1988 (RP1142 to 
RP1150, inclusive). Price 30 cents. 
Annual subscription, 12 issues, $3.50. 


Research Papers” 


{Reprints from the July 1938 Journal of 
Research ] 


RP1110. Pressure losses for fluid flow 
in 90° pipe bends. K. Hilding Beij. 
Price 10 cents. 

RP1115. Determinations of oxygen in 
alloy steels. John G. Thompson and 
Vernon C. ¥. Holm. Price 10 cents. 


Circulars ? 


C422. Methods of testing hosiery. E. 
Max Schenke and Howard E. Shearer. 
Price 15 cents. 


Building Materials and Structures’ 


BMS4. Accelerated aging of fiber build- 
ing boards. Daniel A. Jessup, Samuel 
G. Weissberg, and Charles G. Weber. 
Price 10 cents. 

BMSS8. Methods of investigation of sur- 
face treatment for corrosion protec- 
tion of steel. Rolla HE. Pollard and 
Wilbur C. Porter. Price 10 cents. 


Technical News Bulletin? 


Technical News Bulletin 259, November 
1988. Price 5 cents. Annual sub- 
scription, 50 cents. 


2Send orders for publications under this 
heading only to the Superintendent of Docu- 
ments, Government Printing Office, Washing- 
ton, D. C. Subseription to Technical News 
Bulletin, 50 cents per year; Journal of Re- 
search, $3.50 per year (United States and 
its possessions, and Canada, Colombia, Cuba, 
Dominican Republic, Ecuador, Guatemala, 
Honduras, Mexico, Newfoundland (including 
Labrador), Panama, and Venezuela) ; other 
countries, 70 cents and $4.50, respectively. 
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Letter Circulars 


Letter Circulars are prepared to 
answer specific inquiries addressed to 
the National Bureau of Standards and 
are sent only on request to persons hay- 
ing definite need for the information. 
The Bureau cannot undertake to supply 
lists or complete sets of Letter Circulars 
or send copies automatically as issued. 


LC534. Commercial testing laboratories 


equipped for chemical analysis. (Re- 
places LC196. ) 
LC535. Aluminum foil insulation. (Re- 


places LC465. ) 

LC536. Inorganic analytical chemistry ; 
Publications by the staff of the Na- 
tional Bureau of Standards (1901- 
1988). 


RECENT BUREAU ARTICLES AP- 
PEARING IN OUTSIDE PUBLI- 
CATIONS * 


A method for the investigation of upper- 
air phenomena and its application to 
radio meteorography. H. Diamond, 
W. S. Hinman, Jr., and F. W. Dun- 
more. Proce. Inst. Radio Engineers 
(33 West 39th St., New York, N. Y.) 
26, 1235 (1988). 

Performance tests of Navy radio mete- 
orograph system. H. Diamond, W. 8. 
Hinman, Jr., and E. G. Lapham. J. 
Inst. Aeronautical Sciences (380 Rocke- 
feller Plaza, New York, N. Y.) 5, 484 
(October 1938). 

Soil corrosion and pipe line protection. 
(Book.) Scott Ewing (Am. Gas 
Assn., 420 Lexington Ave., New York, 
N. Y.) (October 1938). (Obtainable 
from Association at $2.50 a copy.) 

The International Bureau of Weights 
and Measures. Lewis V. Judson. 
Seale Journal (1703 East &4th St., 
Chicago, Ill.) 25, 10 (October 1938). 

Two-draft weighing of motor-vehicle 
loads. C. L. Richard. Scale Journal 
25, 16 (October 19388). 

Fire tests of treated wood partitions. 
C. R. Brown. Quar. Nat. Fire Frotec- 
tion Assn. (60 Batterymarch St., 
Boston, Mass.) 32, No. 2, 104 (October 
1938). 


® These publications are not obtainable 
from the Government. Requests should be 
sent direct to the publishers, 
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Calibration and operation of the Gen- 
eral Electric recording spectrophotom- 
eter of the National Bureau of 
Standards. Kasson 8S. Gibson and 
Harry J. Keegan. J. Optical Soc. Am. 
(Cornell University, Ithaca, N. Y.) 
28, 373 (October 1938). 

Designation of filters for theatrical 
lighting. Deane B. Judd. J. Optical 
Soc. Am. 28, 390 (October 1938). 

Review of book entitled ‘Psychological 


Optics” by Vernon W. Grant. Deane 
B. Judd. Rev. Sci. Instr. (Cornell 
University, Ithaca, N. Y.) 9, 301 
(19388). 


Summary report of research at the Na- 
tional Bureau of Standards on ma- 
terials for the reproduction of records. 
B. W. Scribner. Proc. Fourteenth Int. 
Confer. Int. Federation for Docu- 
mentation (Oxford, England) (Sep- 
tember 1938). 

Report of the ALCA committee on the 
determination of pH in tannery prac- 
tice. R. C. Bowker, chairman. J. 
Am. Leather Chem. Assn. (Ridgway, 
Pa.) 33, 504 (October 1938). 

Oscillograph tests on conductivity cells. 
S. F. Acree, Edward Bennett, G. H. 
Gray, and Harold Goldberg. J. Phys. 
Chem. (Mount Royal and Guilford 
Aves., Baltimore, Md.) 42, 871 
(October 1988). 

The classification and chemical genetics 
of organic plastics. G@.M. Kline. Pre- 
print 7485, Electrochem. Soe. 
(Columbia University, New York, 
N. Y.) (October 18, 1988). : 

A method of preparation of metallo- 
graphic specimens. G. A. Hilinger and 
J. S. Acken. Preprint 22, Am. Soc. 
Testing Materials (260 South Broad 
St., Philadelphia, Pa.) (1988 annual 
meeting). 

The development of new uses for silver. 
A. J. Dornblatt. Mining Congress J. 
(809 Munsey Bldg., Washington, 
D. C.) 24, No. 10, 31 (October 1938). 

The National Bureau of Standards. 
Ralph W. Smith. Scale Journal 
(1703 Hast 84th St., Chicago, Il.) 
25, 8 (October 1988). 

The American Standards Association 
and the National Bureau of Stand- 
ards. Lyman J. Briggs. Ind. Stdzn. 
and Com. Stads. Mo. (29 West 39th 
St., New York, N. Y.) 9, 288 (Octo- 
ber 1988). 
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AD NEL e seen e ge ek a eee 14 
Radium detector, portable___________ 117 
Rare earths in plants, spectroscopic de- 

RECON ene as ste Se PSS 87 


mre esigars,. exhibits. =~ ss 0s 4 


Rayon, effect of purification treat- 
DCTS TSS ees = aA = ae ee a ee Pee 105 
Record papers, papermaking studies__ 81 
Records of present civilization pre- 
Served in “time capsule’__._____— 103 
Refractive index and dispersion of dis- 
ptnedenWaLeia sae ene ee 38 
Resilience of baseballs___.__________ 41 


Resistors, electrolytic, direct current, 
for measuring temperatures___-__- 72 
Rigid frame, riveted steel, strength. 84, 112 


Rubber, chemistry of, application of 
thermodynamics it Zo ph De Ce gee een am 44 
Rubber, freezing and melting________ 82 


Rubber, physical constants_-__---___ 
Ss 


Sand-lime brick, strength, water ab- 
sorption, and resistance to freezing 
alan tO WING 2s oe Be 


Page 
Seale, vehicle, testing service 1936— 
Rife a Bef EO RENE SAORI RS cs yeh eis as 80 
Scales, vehicle, purchase, installation, 

and maintenance 22...) 79 
Second’s intervals, production__-____ 81 
Settling test for paint pate oe iy eee ee 7D 
Shale building brick, water penetra- 

LATE ye etree ae ni ae he 20 
Shoes a eunipatied in different ways, 

serviceability 25. 0 a) ees 44 
Shrinkage of plastic caulking com- 

DOUNG Sasa ae 46 
Silica, crystalline, in certain devitri- 

Hed" slassag toes. See err bce” Fer 116 
Silica, crystals, inversion, in certain 

devitrified glasses psd aie eles ey Shen ames Ey 117 
Silicates, calcium, hydrated, formation 

at elevated temperatures Sa oe 102 
Silicon? are spect¥umiess = vane 74 
Silver additions to industrial alloys_ 115 
Silver, industrial uses________ 1, 36, 84, 114 
Silver linings for containers________ 83, 114 
Silver project to be continued______ 55 
Silver research, seventh progress re- 

DOLE ee eee ed ee as ha ae 114 
Silver-silver chloride electrode, re- 

DEOCUCH DEE yee ee eee ee ee 55 
Simplification of sizes of stock fold- 

INS DO ROSS Sees eA a ae 108 
Simplified practice recommendation 

for adhesive plaster_.___________ 7 
Simplified practice recommendation 

for asbestos paper and asbestos 

Milo ATG ae See Sea Pe aye 8 
Simplified practice recommendation 

for machine, carriage, and lag 

POltS2eiae he eS een el ee ae 21 
Sizing materials, effect on stability of 

bookie pa Pers — Se Sees ea a Seer 103 
Sleeves, fire-clay, for ladles_________ OL 
Sodium hydroxide, combination of hy- 

drochloric acid and, with hide, ten- 

don, and bone collagen dL) End oe ea 65 
Sodium nitrate crystals ike Se Atal tee Boca TZ 
Sodium nitrate crystals, growing opti- 

Callye Cleanse wee weno Sea 35 
Soii corrosion, recent developments__ 32 
Soil-corrosion specimens, exhibit_____ 84 
Soil-corrosion survey, procedure for 

aveW lap ayegte tiie ht MA Se We eee een Baye 92 
Soils, corrosiveness, correlation with 

electrolytic corrosion test_________ 112 
Solar intensities in the stratosphere, 

radiometric measurements________ 14 
Solders). lead-silver_ 2 2225 2s ee 2 
Solubility, glaze, test torso] = = 65 
Solubility of glass and glass-electrode 

CEDETUULES meen see ee ee ey 17 
Soundness test for lime-______-____~_ 26 
Spark spectrum of tungsten_________ T4 
Specific-gravity instruments for fuel 

ESC ie Ss Re a ae eee 108 
Spectra, infrared, of iron, titanium, 

ands Carbone. a ores ene 4 
Spectra of neon, argon, and krypton, 

interference Measurements____-__~_ 2 
Svpectrasoretunesten = es ae eee 74 
Spectrographic detection of rare 

GALEN SINE Dla TiS eae eee Seen 87 
Spectrophotometric grading of vege- 

table2o1ise aise eee i eee 115 
Spectrophotometry and colorimetry, 

Dublications=— eee ae a 18 
Spectrum of lutecium monoxide____-_ nl 
Spectrum> olesilicone 2-2 -- 74 
Stability of book papers, effect of fill- 

ing and sizing materials__________ 103 


Stability of viscose type of Ozaphane 
jalnvoywereaden aleve StMNs es. a De 82 


Stamp-pad inks, quick-drying-_-__-~-- 39 
State utility commission engineers, 
sixteenth conference (1938) --____- 51 
Steel, determination of boron_-----_- 15 
Steel, determination of oxygen in, by 
hydrogen- reduction method —~__-~- 61 


126 


Steel, surface treatment, against cor- 
AOS TC TR ee eee eee or reer ms 
Steels, alloy, determinations of 
Oxyg 


Steels, carbon, and alloys, cooling 
Taps ope acnyerete la pee ere ye ee 
Still, high-vacuum, and boiling-point 
apparatus __-__~-------~-------- 


Stock folding boxes, simplification of 
sizes 
Stratosphere balloons, 
OL AltL LUGO ee eee ee abe 
Stratosphere, solar intensities, radio- 
metric measurements —----------- 
Stray currents in buildings___------- 
Stresses in rotating propeller blade__- 
Stresses in rubber, photoelastic deter- 
mination. —-——-~--.=—H=4+=—-=-s==+— 
Structural clay products, low-cost 
glazes __---._-------~-------~+---- 
Structural properties of low-cost house 
construction __-___--------------- 
Structures, building materials and, 
first report in new series___------- 
Sugar, mannoheptose--_------------ 


Sugars and their derivatives, sym- 
posium on nomenclature——_----~-~ 
Sugars, rare, mannoheptose and 
guloheptose, bromine oxidation and 
mutanrotation.222254 ——2=s--=—- 
Sugars, rare, exhibit__------------- 
Sulfate, calcium, heats of hydration 


and transition 2.22- ~—==—-— —_-=s—--- 
Sulfate-pulp mills, odorous fumes 
frome ee Sete ee --+-+----- 
Sunspot cycle, effect on ionosphere 
characteristics__-_~--------------- 
Superconductors at radio frequencies_ 
Supercooling and freezing of water-~ 
Surface tension of vitreous-enamel 
frith 2222 See a ee eee ee 


Tautness of doped fabrics on air- 
craft, instrument for estimating_-- 
Temperatures, critical solution, of 
mixtures of gasoline, n-propyl al- 
cohol, and water__------~------- 
Temperatures, measuring, with elec- 
trolytic resistors___———--- Bee ey ts 
Tendon collagen, combination with 
hydrochloric acid and sodium hy- 
droxide-_____+__--------~-~------ 
Textiles, color-fastness to light---~-- 
Thermal expansion of heat-resisting 
alloys 2uo2Ces 2 be ee eee ee 
Thermocouple reference tables-—---~- 
Thermodynamics, application to chem- 
istry -of. rubber22ill 2G 24 Se ee 
Thickness of nonmagnetic coatings on 
iron and steel, measuring__--_-_-- 
“Time capsule’, records preserved in- 
intervals, one-second, produc- 


Tin, determinationlaessoo 2 Sates 
Titanium, carbon, and iron, infrared 
spectiaett ox 20 Rae eee ee ee 
Transformer method of measuring 
high alternating voltages___--___~_ 
2, 2,4-trimethylpentane, boiling point- 
Tungsten; spectral Soe _ Se eee 
Turbulence of wind streams—-—----~-~ 
eect flow in open channels, laws 
OP ee Ses pia ee areas alah eee oe 
Twenty-eighth National Conference on 
Weights and Measures__~_--------~ 


U 


Uutraviolet solar intensities in the 
stratosphere, radiometric measure- 
TVG TNE en eer ees ts tern, Se er eee eee 


Page 
112 
62 


TECHNICAL NEWS BULLETIN 


Underground corrosion at industrial 
plants° 2 2 = Se ee ee 
Underground corrosion, recent develop- 


Utility commission engineers, State, 
sixteenth conference (19388) ----_-~_ 


V 
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